udvardy and engilis 2001, Mouillot et al. 2013) . But the documentation of rarities is becoming more important in faunal studies, and the trends of rare or extralimital bird occurrences help reveal the nature and extent of the species' tendency to pioneer, reflect changes in climate, response to habitat management, or even how they contribute to ecological function (Jones and diamond 1976 , Patten and Burger 1998 , cao et al. 1998 , lyons et al. 2005 , Trochet and engilis 2013 , Mouillot et al. 2013 .
in california, Putah creek flows from southern lake county southeast to lake Beryessa, napa county, then east to the Putah creek sinks in the yolo Bypass between davis and sacramento. The lower section from just above lake solano down to the sinks, separating yolo county to the north from solano county to the south, is a 38-km riparian corridor whose birdlife has been monitored by Truan et al. (2010) . Putah creek is particularly interesting because it is one of only a few streams that flows into the central Valley from the west and is anchored at each end by different habitats, pine-oak woodlands and chaparral of the coast range on the west and grassland and marshlands of the central Valley on the east. Along this habitat shred, species filter both downstream from the foothills and upstream from the wetland basins, and the creek itself serves as a corridor for extralimital wandering (Truan 2004) .
The section of the creek we address in this paper is entirely below Monticello dam. our highest and westernmost survey site, interdam, is about 6 km below the dam at elevation 52 m above sea level. This is the only site in the foothills of the coast range, all others having central Valley flatlands on both sides of the stream. survey sites continue downstream to the Putah creek sinks in the yolo Bypass, a distance of 38 km. Below solano diversion dam the creek is incised, and in places old levees remain. The high banks confine a channel that varies in width from about 30 to 200 m. The vegetation of the channel, no longer regularly scoured, has changed markedly since the completion in 1957 of Monticello dam. Thirty species of trees occur in the surveyed portion of the creek, 15 of these plus the exotic giant cane or false bamboo (Arundo donax) being significant components of the canopy (Truan et al. 2010) . closed-canopy gallery woodland, mainly of cottonwood (Populus fremontii) and valley oak (Quercus lobata), occurs patchily throughout, as do groves of the exotic blue gum (Eucalyptus globulus). other important canopy components include red willow (Salix laevigata), black willow (S. gooddingii), oregon ash (Fraxinus latifolia), california walnut (Juglans californica var. hindsii) and white alder (Alnus rhombifolia). The understory vegetation is now varied and in many places well developed. common native species include california rose (Rosa californica), coyote bush (Baccharis pilularis), poison oak (Toxicodendron diversilobum), buttonbush (Cephalanthus occidentalis), and blue elderberry (Sambucus mexicana). understory exotics include false bamboo, tamarisk (Tamarix parviflora), and himalayan blackberry (Rubus armeniacus). himalayan blackberry is by far the most extensive of the shrub species. california blackberry (R. ursinus) occurs but is much scarcer. saplings also contribute to the shrub layer, with sandbar willow (Salix exigua), box elder (Acer negundo), and oregon ash most important. The creek's gradient declines from west to east so that slack water increases toward the sinks. At the uppermost survey sites the current is lively and there are numerous runs and riffles. The flatlands beyond the banks and levees are variously devoted to orchards, row crops and grain fields, and some scattered homes and farm buildings, plus the cities of Winters and davis.
The first faunal studies along Putah creek were undertaken by Tracy storer in the mid-1920s, followed in the 1930s and 1940s by John emlen, both at the university of california, davis (Trochet and engilis 2013) . in 1997, Truan began ecological studies assessing the spatial and habitat relationships of birds in this riparian corridor (Truan 2004) . in 2004, her efforts were continued and expanded by the Museum of Wildlife and Fish Biology (MWFB) at the university of california, davis, in coordination with the solano county Water Agency.
habitat along lower Putah creek has been greatly modified over the past 60 years. After the completion of Monticello dam in 1957, Putah creek's water was diverted for urban and agricultural uses, and the creek below the dam was allowed to run dry. Flood-management agencies routinely removed riparian growth to keep the channel open for conveyance of flood water. in 2000, a legal agreement, the Putah creek Water Accord, mandated that water flows must be restored and maintained for habitat function. sustained flows began in 2000. The lower Putah creek Terrestrial Wildlife Monitoring Program of MWFB was born out of this accord with the goal of monitoring the response of wildlife to stream flows and habitat restoration. Birds remained a focus of this monitoring, and the long-term data generated are helping us assess avian community structure (dybala et al. 2014) , populationlevel changes, distributions, and ecological processes (Truan 2004 , Truan et al. 2010 ). This paper reports on several interesting, extralimital, and important breeding records for california's central Valley.
MeThods
The study area of the lower Putah creek Terrestrial Wildlife Monitoring Program extends over 38 km from 4.6 km upstream of the solano diversion dam on the west (122.0487° W) to the Putah creek sinks in the yolo Bypass Wildlife Area on the east (121.6107° W) (Figure 1 ). in general, the north bank of Putah creek is in yolo county, the south bank in solano county.
This program includes 14 study sites along this segment, of which half are on public land and half are on private land. These sites were established for annual monitoring of abundance, productivity, and distribution of species. in addition to surveying at these sites, to identify breeding species and document changes over time, we conducted two Breeding Bird Atlas (BBA) surveys along the entire length of the creek. These followed the standard BBA methods and terminology outlined by the u.s. geological survey www. pwrc.usgs.gov/bba/). For the BBA surveys, we divided the creek into 32 blocks each 1.6 km long, numbered from west to east (Figure 1 ). The width of the area surveyed was determined by the location of levees along the creek, beyond which there was little or no riparian vegetation. each block was visited numerous times from March to July of [2004] [2005] [2006] and March to July of 2012-1013. in addition, from 2004 to 2006 we ran three Monitoring Avian Productivity and survival (MAPs) stations, at the Putah creek sinks (lower reach), russell ranch (middle reach), and dry creek confluence (upper reach). our MAPs protocols followed those recommended by the institute for Bird Populations (desante et al. 2005) . Finally, we made incidental observations with follow-up visits for promising observations during the breeding season along the entirety of the creek.
We searched historic records to help place our recent observations into regional context. such data came from specimens in the collections of Museum of Wildlife and Fish Biology (MWFB), Museum of Vertebrate Zoology, university of california, Berkeley (MVZ), california state university, sacramento (csus), and the Western Foundation of Vertebrate Zoology, camarillo, california (WFVZ). other resources included published summaries (grinnell and Miller 1944, gaines 1974) , the field notes of Tracy storer (1925-1928, archived at the california Academy of sciences) and John T. emlen (1935-1943, archived at the MWFB), and the journals of elizabeth Kimball (engilis 2013), summarizing 100,000 bird records from the greater sacramento region from 1950 to 1983 and archived at the MWFB. We searched the central Valley Bird list serve (http://groups.yahoo.com/ group/central_valley_birds/), which proved invaluable in finding incidental observations by the wider birding community during the survey period.
To follow up on observations of Bell's Vireo in the Putah creek sinks, Whisler followed survey methods recommended by the u.s. resulTs our combined surveys from 1997 to 2014 resulted in nearly 70,000 observation records and documented 251 bird species for Putah creek. during the first BBA period (2004) (2005) (2006) , we confirmed 62 species as nesting along lower Putah creek. in addition, we rated 19 species as probable breeders and three species as possible breeders, bringing the number of either confirmed or suspected breeders to a total of 84 species. in the interval between BBA efforts, we confirmed an additional 11 species, bringing the total number of confirmed breeding species to 73. during the second BBA period (2012-2014), we confirmed breeding by 74 species. An additional 13 species met criteria for probably breeding, and another 14 species were possible breeders on the basis of still less compelling evidence. cumulatively, 74 species have now been confirmed breeding, with another 17 species as probable breeders (Appendix). of this total, 17 species represent extralimital or rare breeding in the central Valley, as detailed below. Allen's or ruFous huMMingBird Selasphorus sasin/S.rufus. Breeding status: confirmed. on 10 April 2012 at the picnic grounds of the university of california, davis (block 22), Trochet observed a female rufous/Allen's hummingbird visit spider webs on three occasions over a period of 25 minutes. each time she gathered a significant amount of spider silk and dashed off around the creekside edge of a tall willow thicket. efforts to find the nest were unsuccessful, but gathering nest material confirms nesting by BBA criteria. This observation represents the only known nesting of a Selasphorus in yolo county.
Allen's hummingbird is, on biogeographic grounds, the likelier Selasphorus to breed along Putah creek. According to the Kimball journals, this species was regular in the breeding season in courtland, sacramento county, from 1968 to 1980. it has nested at the cosumnes river Preserve, sacramento county, first in 2002 (coumoutso and Trochet 2002) and at least three times subsequently. of the five specimen records from the sacramento Valley, four are based on female and juvenile birds in summer. The date of the lone record of an adult male (Table 1) 7), from late May to 22 June 2012; this seemed the most promising observation, but the birds did not nest. Again at russell ranch, a pair apparently on territory on 2 June 2013 was absent one week later. in block 24, a territorial defense was observed on 7 June 2013.
The Western Wood-Pewee was not found breeding in the sacramento Valley in the early 20th century but was present commonly in the northern valley and uncommonly in the southern by the 1970s (gaines 1974). Along Putah creek, Tracy storer collected a "breeding male, testes 3.3 × 2.0 mm," on Putah creek 3 miles southwest of Winters on 20 June 1925 (Trochet and engilis 2013) . But these dimensions are no more than half those breeding male pewees typically reach, so the status of the bird in 1925 may have been the same as in 2013. despite our failure to confirm nesting on lower Putah creek, the Western Wood-Pewee has been confirmed nesting in riparian woodlands in the yolo and sutter bypasses only 10 km from the Putah creek sinks (MWFB 2008) , and it has bred regularly in the cache creek settling Basin, ~19 km north of Putah creek and just east of the town of Woodland, at least since 2010 (s. hampton pers comm.). This species also breeds regularly in riparian forests of the cosumnes river Preserve, sacramento county.
PAciFic-sloPe FlycATcher Empidonax difficilis. Breeding status: confirmed. in 2004, after a pair had been observed at the dry creek confluence, yolo county (block 10), regularly since late May, on 26 June an adult was seen carrying food. The nest was not located but suspected where the birds made multiple foodprovisioning trips into a well-shaded backwater along the creek. r. Melcer reported another pair at the same locale on 14 June 2005. Again a nest could not be found, but a juvenile was captured and banded there on 21 July 2005, a date preceding migration of juveniles (MWFB 2008) . on private land in block 24, a pair was tracked from 24 May through to fledged young observed on 23 June 2013. Also in 2013, after having been monitored since 15 May, a pair was observed carrying food on 18 June in the Putah creek sinks, yolo county (block 30). The nest was not found but was located in a willow thicket with a dense understory of blackberry.
This species nests regularly in small numbers at the cosumnes river Preserve and perhaps irregularly elsewhere in the central Valley. grinnell and Miller (1944) Figure 3 ). numerous subsequent observations led to comprehensive surveys by Whisler. At least two pairs, along with one or two unmated individuals, remained through the breeding seasons of 2010 (16 April-13 August) and 2011 (7 May-10 July). on 26 April 2010, an adult was observed carrying fluffy plant material. no other signs of nesting (e.g., active nests, fledglings, or adults carrying food) were observed during the surveys. however, both pairs were seen engaging in courtship and territorial defense against one another. The territories were occupied throughout the typical nesting season (April-August). Bell's Vireos were not detected in 2012 despite numerous surveys. in 2013 one was heard singing at the same locale in the sinks on 9 May, but the bird was not detected after that date despite several searches by Whisler and A. engilis. All observations were from a plot with restored riparian habitat of willow-scrub thickets. Poor access into the habitat hindered surveys.
The The Warbling Vireo was once a regular member of the regional breeding avifauna but has long since ceased to be so, owing primarily to brood parasitism by the Brownheaded cowbird (sibley 1940, grinnell and Miller 1944) The chestnut-backed chickadee's status in the region has undergone a significant change in the last 15 years. since 2000, and to present, the species has been observed on the lower creek annually in small numbers. The Putah creek christmas Bird count, which includes a long stretch of the creek but also some shaded canyons in the Ber- The nesting efforts of the creeper parallel those of the chestnut-backed chickadee. Both were first documented nesting beginning in 2008. The creeper, however, has continued to nest on the creek annually through at least 2015. it is regular in the winter in the sacramento Valley but breeding in the region has not been reported previously. Again paralleling the chestnut-backed chickadee, the breeding range of the creeper has expanded over the last few decades in the east san Francisco Bay area, the diablo range, and south along the coast of central california (unitt and rea 1997).
cAliForniA ThrAsher Toxostoma redivivum. Breeding status: Probable. From 24 February through 23 May 2005 a lone male was observed singing on territory at oxbow (block 9). The bird sang from blackberry thickets on the yolo county 
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side of the creek. subsequently, a singing male was found at the same locale annually from 2007 to 2017. Because of restricted access, nesting was not confirmed, but the consistent territorial singing detection during the breeding season over multiple years suggests probable breeding.
Prior to our effort, a pair of california Thrashers first detected on 27 February 1974 was observed and photographed annually through at least 1980. its nest, in solano county, was found on 15 May 1974 (Kimball journals). An unsexed specimen (MVZ 176070) was taken along Putah creek 6 miles east of Winters on 30 June 1951, about 1 km downstream of stevenson's Bridge (block 18). grinnell and Miller (1944) mapped the california Thrasher as resident throughout the lower sacramento Valley but provided no evidence of nesting, and this range seems to be extrapolated from foothill records. The only other confirmed nesting we can find from the floor of the sacramento Valley is based on an egg set collected on 28 May 1942 on the Feather river (yuba county) across from Boyd Pump Marina (39.058 n, 121.609° W; MWFB 5165). About 16 km north of Putah creek, resident california Thrashers follow cache creek out of the coast range foothills down nearly to Woodland (s. hampton pers comm.). A singing male was observed at elkhorn regional Park (sacramento river, yolo county) on 13 May 1982 (Kimball journals); no nest was found. There were several records from Bushy lake along the American river in sacramento during the 1970s, where the species was presumed to nest but apparently not confirmed (Kimball journals). The northernmost location of nesting in the san Joaquin Valley is in riparian scrub along the stanislaus river at caswell Memorial state Park in san Joaquin county.
WrenTiT Chamaea fasciata. Breeding status: confirmed. Fledged young were observed being attended by adults below the solano diversion dam, solano county (block 8), on 1 June 2012 and on private land east of Winters, solano county (38.5303° n, 121.9070° W; block 14), on 13 June 2013. one pair was observed feeding a fledged cowbird chick in the Putah creek sink, yolo county (block 30), on (Melcer et al. 2006 ). These were potentially reared on the creek.
Migrant orange-crowned Warblers are common in season along Putah creek, sparingly into June. our confirmed nesting records show an extended breeding season on the creek. nesting seems to be concentrated along the upper reaches of the creek, with a few outliers farther downstream. At the cosumnes river Preserve, territories are centered in dense riparian shrubbery beneath small to medium-sized broadleaf trees. surface water is usual but not required. only a small proportion of this broadly available habitat is used in a given season. in some years no summering birds are detected. Phillips noted a male singing for over an hour in the same block. A second quiet bird, perhaps the female, was also observed (cVBc listserve archive). The singing bird was redetected in the same tangle of willows and blackberry on 13 July. elsewhere, singing chats noted in proper habitat during the breeding season include one on 22 May 2013 at the i-505 bridge (block 12), and one on 28 May 2013 at the Putah creek sinks (block 32).
Tracy storer collected a male with "greatly enlarged testes" 3 miles southwest of Winters on 17 June 1925 and commented on how common this species was along this section of the creek (Trochet and engilis 2013) . More recently, although scattered singing birds have persisted intermittently in seemingly appropriate habitat (dybala et al. 2017) , as far as we can find the only confirmed nesting of the chat on the sacramento Valley floor was in 2011 at the cosumnes river Preserve. one of a pair on territory since early June fed a fledgling Brown-headed cowbird on 8 July (Trochet) . At least from 1988 to 1992 chats nested in the sacramento-san Joaquin delta close to the central Valley: in northeastern contra costa county (glover 2009) and in far southwestern sacramento county on sherman island (Trochet) . in contra costa county they continue to nest in very small numbers along Piper slough and Marsh creek (r Power, B. Mast, and l. Kahle pers. comm.). But in southwestern sacramento county they no longer do so (c. conard pers comm.). grinnell and Miller (1944) reported the species as widespread and nesting throughout california, but their evidence for nesting in the sacramento Valley was based only on records from sacramento and red Bluff. The dark-eyed Junco was found nesting in the central Valley for the first time at the cosumnes river Preserve in 2000 (Trochet 2000) and has continued to breed there annually (Trochet) . unattended juvenile juncos have been seen at two other locations in the middle central Valley. one was at lodi lake, san Joaquin county, on 6 July 1989 (Bailey et al. 1989) , and one was at Babel slough, yolo county, on 13 June 2016 (M. sawyer), suggesting that breeding of the junco on the valley floor may be more widespread than is now known.
WesTern TAnAger Piranga ludoviciana. Breeding status: confirmed, with two records of nesting in solano county. The first was at the oxbow (block 9), where a Western Tanager was observed 11 July 2004 (A. currier). on 23 July, during a follow-up visit to the site, an adult was observed carrying food (r. Melcer). in 2012, near stevenson's Bridge (block 18), a persisting pair first suspected of nesting on 22 May was seen feeding two dependent fledglings on 18 June. evidence of probable nesting included a male on territory at diversion dam (block 7) from 24 May to 27 June 2005, nest not found. A male oversummered on Putah creek on private land near Winters (block 9) in 2014 ( Figure 6 ).
The observations along Putah creek represent the first confirmations of the Western Tanager nesting in the sacramento Valley. The species is observed annually all along the creek as an autumn and spring migrant; at the cosumnes river Preserve small numbers wintered regularly from at least 1999 to 2009. elsewhere in the sacramento Valley tanagers were found singing and suspected to be nesting in mid to late June 2005 at Fremont Weir state Wildlife Area, along the sacramento river northeast of Woodland, and in the sutter Bypass, sutter county (Melcer et al. 2006 ).
discussion
The wandering nature of some bird species plays an important role in colonization of new areas. early on, grinnell (1922) predicted that accidental, or vagrant birds, were the pioneering individuals that keep the species Photo by Andrew Engilis, Jr. "aware" of the possibility of expansion. on Putah creek this hypothesis was illustrated by the increasing observations of individual birds followed by nesting attempts, as of the Bell's Vireo, Warbling Vireo, Pileated Woodpecker, and chestnut-backed chickadee. however, geography is also important. habitat corridors that are oriented perpendicularly to the direction of mass movements of birds (for example, the west-to-east flow of Putah creek to the north-south movement of migrating birds) will intercept a larger number and variety (gutzwiller and Anderson 1992) . The position of Putah creek in the lower sacramento Valley, its connection to the coast range, and now established steam flow combine to make the creek an attractive site for pioneering movements of birds during the breeding season.
seven of the species breeding on Putah creek, the hairy Woodpecker, Pileated Woodpecker, Pacific-slope Flycatcher, chestnut-backed chickadee, Brown creeper, dark-eyed Junco, and Western Tanager, are characteristic of wooded uplands but have expanded downstream to a lowland setting. These species breed at higher elevations in the upper Putah creek watershed, and we suspect they will ebb and flow in response to population dynamics, resource availability, and a changing climate. nevertheless, all of these but the hairy Woodpecker have had a history of recent range expansion elsewhere in california (Bousman 2007, unitt and hargrove in press) .
With these nesting records, we can confirm that the riparian-obligate species of special concern in the sacramento Valley still pioneer and nest if conditions are ripe. Because of two dams, an incised channel and levees, the creek will never regain its historic hydrologic function. however, habitat restoration has recently focused on reestablishing floodplain function, albeit within this constrained system, from the solano diversion dam east 10 km to beyond Winters. removal of sediment and non-native plants and construction of a channel are the primary methods used along the stretch. in addition, instream modifications have increased flow rates, allowing for scouring and better water quality downstream from the solano diversion dam (e.g., cooler water temperatures). While improved flows benefit habitat for spawning salmonids, we believe that it also has an effect on the productivity of emergent insects and therefore of insectivorous birds. improved riparian habitat may also have a downside, making the corridor more attractive to predators, including the roof rat (Rattus rattus), to exotic competitors like the european starling (Sturnus vulgaris), and to the brood-parasitic Brown-headed cowbird.
Many researchers are beginning to think that habitat management and restoration alone are not enough to attract birds back into habitats they once inhabited. The lack of social cues may be just as limiting for recolonization. An argument that these social cues actually trump habitat, and signal to birds that "this is a great place to nest," is compelling (Ahlering and Faaborg it is clear that sustained monitoring effort over nearly two decades has shown that Putah creek, although limited in scale as a riparian habitat, supports a rich breeding-bird community that should be regionally recognized as an important resource for maintenance of riparian-dependent birds.
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